Introduction

35
A number of lines of evidence link infection by the ZIKA virus to the increased incidence of signaling (Wegner et al., 2016) an essential hormone for brain development (Bernal, 2005) .
56
The major pathway of PPF metabolism is hydroxylation at the 4'-position, producing majoritarily 57 4'-OH-PPF in Xenopus, mice, rats, goats, house flies and chicken (Fujimori, 1999 ; Ose et al., 
60
Given the lack of information on 4'-OH-PPF, we used Xenopus laevis tadpoles, a well-known 61 model for testing TH disruption (Fini et al., 2012 (Fini et al., , 2017 and mouse neurospheres to investigate 62 the potential of PPF and 4'-OH-PPF to disrupt thyroid hormone (TH), signaling during brain 63 development. We also examined how PPF and 4'-OH-PPF affected expression of the key protein, Musashi-1 known to be required for ZIKA replication (Chavali et al., 2017 ) and to determine changes in target genes expression. 
180
Fifteen NF 45 TH/bZip eGFP Xenopus laevis tadpoles were placed into each well of 6-well plate.
181
Each well corresponds to one exposure group. Eight mL of previously prepared final exposure non-specific signal was excluded by splitting the image into 3 layers (red, blue and green 
RT-qPCR -Xenopus laevis tadpole brains 202
At the end of the 24h exposure, tadpoles were rinsed and anaesthetized in 100 mg/L MS-222.
203
RNA-free dissecting tools were used to dissect tadpole brains. Two brains were placed in one Fig 1A) and -73.3 (Fig S1) 
High concentrations of 4'OH-PPF inhibit T 3 -induced transcriptional activity of TRα1
270
The effect of 4'-OH-PPF on the T 3 -induced transcriptional activity of TRα1 was 271 determined by an in vitro luciferase reporter assay using human placenta JEG3-cell cultures.
272
Transcriptional activity was significantly decreased by the highest concentration of 4'-OH-PPF (3 273 mg/L) (Fig.1B) . NH3 also reduced the transcriptional activity of TRα1, but already at lower (~1.2 μM) was more than 3000-fold higher than T 3 and 50-fold higher than NH3 (Fig 1D) . 
4'-OH-PPF binds to TRα1 with low affinity
PPF and 4'-OH-PPF affect TH signaling in the XETA assay
289
Transgenic Tg(thibz:GFP) tadpoles were exposed to environmentally-relevant dose ranges of 4'- (Fig. S2A) . In the 296 presence of T 3 , PPF did not exhibit any thyroid hormone disrupting activity (Fig S2B) . In 297 contrast, 4'-OH-PPF was not active without T 3 (Fig 2B) , but in its presence, all concentrations of 298 4'-OH-PPF significantly reduced the GFP signal (Fig 2C) . These results suggest that both PPF
299
and its metabolite 4'-OH-PPF exhibit TH-disrupting properties, but that the parent compound is 300 active in the absence of T 3 whereas the metabolite antagonizes the effects of T 3 . 
PPF and 4'-OH-PPF affect tadpole mobility
302
Tadpoles exposed to PPF for 72 h reacted to the light stimulus but moved significantly less than 303 controls (Fig S2C-H ). Significant differences were observed in tadpoles exposed to all mg/L) (Fig 2D,E) . 
PPF and 4'-OH-PPF affect brain morphology
308
The total head and brain area was measured using the ImageJ program. Head /brain ratio was 309 calculated using MS Excel. PPF did not affect brain or head size, nor was the head/brain size 310 ratio significantly different compared to controls (Fig S4C-E) . However, tadpoles exposed to 311 3x10 -1 mg / L of 4'-OH-PPF exhibited significantly smaller heads compared to control (Fig 2F) , 312 thus resulting in biased brain/head ratios (Fig 2H) , however the brain size of these tadpoles was 313 not affected (Fig 2G) . The width and length of brain compartements were meassured (Fig S4B) .
314
The width of forebrain (H1) was increased in tadpoles exposed to PPF at concentrations 10 -4 315 mg/L -10 -1 mg/L (Fig S4F) . The width of midbrain (H3) was significantly increased in tadpoles 316 exposed to concentrations of PPF 10 -3 mg/L and higher (Fig S4H) . The length of the whole brain 12 (L3) was significantly increased by exposure to PPF at concentration 10 -3 mg/L and higher (Fig   318   Fig S4H) . In the case of 4'-OH-PPF, the lowest concentration 10 -5 mg/L significantly increased 319 the width of forebrain and midbrain junction (Fig S4M) and the width of midbrain (Fig S4N) . A-C). 4'-OH-PPF increased the expression of msi1 gene at both concentrations tested in the 328 presence of T 3 5nM ( Fig 3B) and increased msi1 protein expression at 10 -2 mg/L (Fig 3C) . PPF
329
did not affect msi1 gene expression (Fig S3A) however the highest concentration 3x10
significantly reduced the expression of msi1 protein in the brain of NF45 tadpoles after 24 hours
331
( Fig S3B) . (fold induction 10 and 14 respectively) (Fig 3D) . 
4'-OH-PPF increases Msi1 gene expression in mouse neurospheres
349
The in silico results revealed that 4'-OH-PPF had a high steric fit for both TRα we tested indicate any significant changes on the nervous or reproductive systems (Saegusa, 1988) .
378
However a recent review (Parens et al., 2017) suggests that the assay may not be sufficiently (RXR) partner on DNA (Kliewer et al., 1992; Zhang and Kahl, 1993 
